Drivers are becoming more fatigued and uncomfortable as traffic densities increase, and so, can show slower reaction time. They then face the danger of traffic accidents due to their inability to cope with frequent shifting. To reduce this risk, some drivers prefer automatic transmissions to manual transmissions. However, automatic transmission requires both higher fuel consumptions and costs. For this reason, attention to automated manual transmission that can provide high efficiency, low cost and easy manufacturability has been increasing. In addition, the function and performance of the electronic control unit of automobiles has improved continually and rapidly with the growing electronics technology. The ECU is a representative embedded system in automobiles, which has to satisfy high performance and reliability under the constraints of size and cost. In this paper, the embedded system platform for automobiles is developed on the basis of MPC565, and a test rig is developed to perform the basic function test for automatic clutch actuation. The developed embedded system and clutch control algorithm are validated by the experimental results performed on the test rig.
Introduction
With increasing traffic density, drivers are become more tired and uncomfortable, and thus, are faced with higher risk of traffic accidents due to frequent shift. To reduce this risk, some drivers prefer automatic transmissions to manual transmissions. However, automatic transmission entails both higher fuel consumption and costs. For these reasons, major automotive manufacturers are trying to develop an electronic clutch management (ECM), automatic shifting gear (ASG) and automated manual transmission (AMT) to improve drive quality and reliability as well as to meet fuel consumption requirements [1, 2] . Fig. 1 shows the development process of AMT, which is divided into two parts: clutch automation and shift automation.
In this paper, an embedded system is implemented for automatic clutch control, and a test rig is developed to perform the basic function test of the automatic clutch. The prototype embedded system for automated manual transmissions is validated by experimental data employing the test rig.
Fig. 1 Configuration of AMT

Development of Test Rig for AMT
Embedded System. The function and performance of an electronic control unit (ECU) for automobiles have been improved continually and rapidly with the growth of electronics technology. The ECU is a representative embedded system of automobiles, which must be produced under the constraints of high-performance, high-reliability, low cost and compact size [3, 4] . Most engineers of the major automotive manufacturers and suppliers in the world use a Computer Aided Control System Design (CACSD) tool such as MATLAB/Simulink to develop ECU's by exploring and analyzing ideas, modeling and simulating systems, rapidly prototyping concepts in the vehicle, and then deploying to production hardware [5] . However, in the development of modern automotive electronics, automotive self control systems on powertrain control, transmission control, and body control become increasingly complex along with the information technologies including networks, distribution systems, fault tolerances and infotainment. For this reason, ECU, which is developed automatically by using the CACSD tools, has limitations, which are an obstacle in developing ECU's.
Fig. 2 32-Bit Embedded Platform on the basis of MPC565
In this paper, the embedded system platform for automobiles is developed on the basis of Motorola MPC565 (Fig. 2 ). MPC565 is a 32-bit processor for automobile control. It is especially well-designed for powertrain control. The voltage regulator, MC33394, helps the stable action of MPC565, which generates an abnormal signal to power-on reset signal of the MPC500 series. MC33394 contains the CAN transceivers, which has a role of power-on and power-off of the ECU system in the reaction of automotive start signal. For example, at power-off, it delivers power only to keep Alive Memory and shut off the other power sources of ECU from the automotive system battery.
Test Rig. Fig. 3(a) shows the schematic diagram of the test rig using the embedded system for the performance evaluation of AMT. The test rig consists of a driving system, clutch actuator, shifting system, load simulator, sensors and control systems. An induction motor and inverter controller simulate the automobile engine at various driving conditions. The rotational velocity and torque are controlled by the inverter controller in the test rig. The controller for the test rig contains on/off switches for power supply and a fuse for over current protection. It also consists of signal amplifiers, F/V converters, AD/DA boards, digital signal processor and PC for data acquisition and signal processing [6] .
And the test rig is developed to perform the basic function test for automated manual transmissions. The test rig consists of a driving system, clutch actuation system, transmission system and load. The developed embedded system and clutch control algorithm are validated by the results of experiments performed on the test rig, and the controllability of the embedded system was compared with that of the PC based system. These test results show that the developed embedded system can be used as a controller for AMT. Clutch Actuator. Fig. 3(b) shows the schematic diagram of an electro-hydraulic automated clutch system. It uses a typical clutch system from clutch plate to slave cylinder and an electrohydraulic actuator instead of a master cylinder and clutch pedal. An electro-hydraulic actuator is composed of a gear pump, accumulator, pressure switch and hydraulic power unit. Hydraulic power unit consists of a proportional solenoid valve, valve controller and pressure sensor. The flow and pressure at the slave cylinder is controlled to engage or disengage the clutch by using the proportional solenoid valve.
Experimental Results
The experimental results of the clutch displacement with respect to the desired clutch profile are shown in Fig. 4 . In Fig. 4(a) , the test results for N-1 shift are shown. In the figure, the clutch engagement starts from point a and starts to slip from point b. It is synchronized drive and driven shaft speed from point b to point c. Clutch engagement finishes at point d. Fig. 4 (b)~(c) show the clutch displacements for 1-2 and 2-3 upshift. Slip starting times are the same as those of the N-1 shift but engagement time is earlier than that of the N-1 shift. The displacement error between command and measurement signals during 2-3 gear shift generates larger than N-1 shift due to the faster clutch engagement. Fig. 4(d) shows the driveshaft torque, and Fig. 4(e) shows driveshaft speed for the shifting gears.
Fig. 4 Experimental Results of Gear Shift
Summary
In this paper, the embedded system for AMT was developed. And a test rig was developed to perform the basic function test for automated manual transmissions and to evaluate the performance of the embedded system. The developed embedded system and clutch control algorithm are validated by the results of the experiments performed on the test rig, and the controllability of the embedded system is compared with that of the PC based system. These test results show that the developed embedded system can be used as a controller for AMT. However, to install it in a real vehicle, output characteristics of the engine, hydraulic control strategy, driver intentions etc. need to be considered.
For the development of ECU's in a vehicle, the adequate control algorithm is required with the embedded system. The developed software and hardware using the developed embedded system in this paper can be used to develop various ECU's ranging from low performance to high performance ECU's as well as to apply the next generation platform for embedded systems.
